I . Fifty-one pregnant fine-wool Merino ewes were slaughtered at intervals during pregnancy. The gravid uteri were dissected and were separated into uterus, membrane and fluid, and foetus fractions, which were analysed separately for water, nitrogen, ash, fat, calcium, phosphorus, sodium and potassium content.
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E X P E R I M E N T A L
Sheep Seventy-two fine-wool Merino ewes aged between 7 and 8 years and with a mean live weight of 36.7 kg grazed a perennial ryegrass-white clover pasture and received lucerne hay and wheat mixed with 1 % ground limestone as supplementary feed throughout pregnancy. Fine-wool Merino rams carrying coloured crayons on their briskets (Radford, Watson & Wood, 1960) ran with the ewes for 16 days. The ewes were inspected daily and those marked with crayon were assumed to have been served, and were temporarily transferred to a different pasture. After 16 days the rams were withdrawn and all the ewes were returned to the original pasture which they grazed throughout pregnancy.
At intervals of approximately 10 days the ewes were weighed and a random sample was slaughtered. The weight of the conceptus was deducted from the live weight. On average the non-pregnant ewes gained 0.041 kg per day and the pregnant ewes maintained constant live weights. All pregnant ewes carried a single foetus. Twenty-one non-pregnant ewes and fifty-one pregnant ewes were slaughtered for this study. One ewe was slaughtered when less than 30 days pregnant, twenty-two between 31 and 60 days, six between 61 and 90 days, eleven between 91 and 120 days, and eleven between 121 and 145 days.
At slaughter the reproductive tract was severed at the junction of the cervix and vagina, and the tract was dissected into foetus, membranes and associated fluids, and uterus. These were weighed immediately and were stored at -5' until analysed.
Analytical
Membranes, uteri and foetuses were dried to constant weight in a forced-draught oven set at IOOO. It was necessary to lacerate the tissues to ensure uniform and rapid drying. T h e dried tissues were weighed and milled in a laboratory mill fitted with a I mm sieve. There was insufficient foetal material for individual analyses in the early stages of pregnancy and the dried foetuses were combined for six, four, eight and five sheep slaughtered when less than 35 days pregnant, 36-42 days, 43-48 days and 49-56 days pregnant, respectively. Losses in drying were less than I yo of the N present, which was estimated on the dried material by a semi-micro-Kjeldahl procedure in which selenium was used as a catalyst. All N analyses were standardized with hippuric acid. T h e dried material was ashed at 590' for 16 h for the determination of ash and organic matter. Fat was extracted with di-isopropyl ether from dried material in a Soxhlet apparatus. The energy content of six samples of fat and fat-free organic matter was measured in an adiabatic bomb calorimeter. T h e mean calorific vaIues of fat from membranes, foetuses and uteri were 9-16 & 0.003, 9.26 k 0.031 and 9-39 -t 0.005 kcal per g respectively and the corresponding values for the fat-free fraction were 5.26 f. Approximately 25 mg ash were dissolved in 5 ml concentrated hydrochloric acid and the digest was made up to IOO ml with glass-distilled water containing 1.5 g strontium chloride/l. Ca was determined at 4227 a using an air-acetylene flame. As a check on analytical procedures a number of samples were analysed for Ca by an oxalate-permanganate method. The mean difference between the methods expressed as a percentage of the mean concentration of Ca was 0. 22 Sodium and potassium were estimated by flame photometry. Approximately 0.25 g dried tissue was digested in 25 ml of a nitric-sulphuric acid mixture (3 : I, v/v) and the digest was made up to 100 ml with deionized water. The samples were read in a flame photometer using an oxygen-propane flame with lithium as an internal standard. Digestion mixture, P, Ca and Na or K were added to the standard solutions in appropriate concentrations to minimize differential interference by these elements. P was estimated on the same digest by the method of Fogg & Wilkinson (1958). On several occasions known quantities of K, P and Na were added to samples which were then re-analysed. At no time was less than 98.5% of the additional Na, K or P recovered.
0.39 yo.
R E S U L T S
The mean composition of the uteri from the twenty-one non-pregnant sheep is given in Table I . The values were deducted from the corresponding values for the uteri of pregnant sheep and a series of equations was calculated relating the composi- 
Models (I) to (4) were calculated by standard procedures and the regression coefficient for the highest power of x was tested for significance. When the coefficient was not significant at the 5 yo probability level, this term was deleted from the model and the equation was recalculated. This procedure was repeated until the regression coefficient for the highest power of x was significant. T h e coefficient r in model (5) was estimated by regression analysis of l o g 2 on logx. T h e value of q was obtained by relating Z to xr by standard regression procedures. A similar method was adopted for fitting model (6) after values of (x + t ) had been calculated by taking trial values of t between + 49 and -23 days. Within this range the residual standard deviation took a minimum value and the corresponding values of s and u were adopted for model
The approximate residual standard deviations for the different equations are given in Table 2 . Models (I) and (z), and (3) and (4) fitted the values equally well, but since models (2) and (4) passed through the origin they were considered more acceptable on biological grounds.
The partial regression coefficients for equations calculated with models (I) and (3) may be obtained from the authors. Those for models (4), (5) and (6) are given in Table 3 . T h e coefficients derived with model (2) are given in Table 4 .
T h e estimated rate of nutrient storage is affected by the choice of model used to describe the growth of the conceptus. Model (6) has been used for subsequent calculations since it was the most precise and since a number of the polynomial relationships give negative values for 2 in the early stages of pregnancy. The composition of the gravid uterus and the rate of nutrient deposition at various stages of pregnancy have been calculated from equations derived with model (6) and the values are given in Table 5 .
Values predicted by equations based on model (2) for the composition of the foetus, uterus and membranes are given in Table 6 . Since the values are predicted from three separate relationships calculated independently, the sum of the three predicted values may differ from the corresponding values for the gravid uterus calculated with model (4) or from those given in Table 5 . Energy requirements for pregnancy can be estimated from the results obtained in this study and from the calorimetric studies of Graham (1964a), which were made with pregnant Merino ewes which gave birth to lambs similar in size to those in the present study. The maintenance requirements of ewes numbered Z I and 23 in Graham's study if not pregnant were estimated to be I 198 and I 108 kcal metabolizable energy per day respectively on the assumptions derived from his data that ( I ) their live weights excluding the conceptuses were 40 and 37 kg respectively, ( 2 ) their fasting heat out- The models used were : Table 3 . Coejicients (n-u) for equations derived with models (4),
and ( 6 ) The models used are given in the text and as a footnote to s. Heat output for production = daily heat production -heat production of non-pregnant sheep at maintenance. Rate of energy storage in gravid uterus was taken from Table 5 . Energy retention was calculated as the difference between metabolizable energy intake and daily heat output. Extra-uterine storage of energy = energy retention-energy storage in gravid uterus. Heat output from extra-uterine storage = extra-uterine storage of energy x 0.887 when extra-uterine storage is positive and x 0.235 when negative. Heat production of gestation = heat output for production -heat output for extrauterine storage. Metabolizable energy for pregnancy = heat production of gestation + energy storage in gravid uterus. Table 7 . In columns 4 and 5 the rate of energy storage per day in the gravid uterus calculated from an equation derived with model (6) and the energy retention of the ewes are given. Energy retention was calculated as the difference between the daily metabolizable energy intake (1868 kcal for ewe 21 and 1920 kcal for ewe 23) and the daily heat production (column 2). Energy storage in the extrauterine tissue was calculated as the difference between energy retention (column 5) and energy stored in the conceptus (column 4). The heat production associated with energy storage in the extra-uterine tissues (column 7 ) was derived by multiplying positive values in column 6 by ( IOO -53)/53, since 53 % was the net availability of the metabolizable energy of the diet above maintenance for a non-pregnant sheep (Graham, 1964b) , and negative values by 0-235 (or 19/81) . This assumes that metabolizable energy is utilized for maternal live-weight gain with equal efficiency by pregnant and non-pregnant ewes. The heat production of gestation was taken as the difference between the values in columns 3 and 7 , and the metabolizable energy utilized for pregnancy as the sum of the heat production for gestation and the daily rate of energy deposition in the conceptus. The Agricultural Research Council (1965) have calculated nutrient requirements for pregnancy from the product of the rate of nutrient deposition in the conceptus and the reciprocal of the availability of the nutrients for pregnancy expressed as a decimal ; the values taken for this reciprocal were 1-54 for N, 2.22 for Ca, 1.25-1.67 for P depending on the age of the sheep, and 1.0 for Na and K. These values have been used to derive the estimates of the nutrients utilized for pregnancy in Table 8 .
D I S C U S S I O N
The method used provides an estimate of the nutrients utilized for pregnancy at a specific level of nutrition. The estimates given in Table 8 were derived with pregnant ewes which maintained live weight without conceptus approximately constant through-out pregnancy and which gave birth to a foetus weighing 4'4 kg on the 145th day of pregnancy. It is likely that the estimates would be increased if a heavier lamb had been produced by feeding the ewe at a higher plane of nutrition, and this might be desirable for economic or husbandry reasons. In these circumstances much of the additional feed is utilized for live-weight gain by the ewe, and this would not be included in the estimates given in Table 8 .
There is little information in the literature with which to compare our analyses of the composition of the gravid uterus at various stages of pregnancy. The gross energy and N content of four Merino lambs were determined at birth by Graham (1964a Our estimates of the nutrients utilized for pregnancy are subject to errors in the estimation of nutrient retention and of the availability of the nutrients for pregnancy. The latter is likely to be the more important, particularly with nutrients of low availability such as Ca. Changes in the maternal body excluding those occurring in the gravid uterus have been ignored in calculating the nutrient requirements for gestation, but changes in plasma volume (Barcroft, Kennedy & Mason, 1939 )~ mammary glands and possibly in the liver and alimentary tract are known to occur. This introduces bias into the estimates given in Table 8 , but the error is probably small (Agricultural Research Council, 1965). Our calculations of energy utilization are also open to criticism. It was assumed that energy was stored in extra-uterine tissue with similar efficiencies by both pregnant and non-pregnant sheep. There is no information by which this assumption may be justified. The findings of Armstrong & Blaxter (1965) indicate that metabolizable energy was stored more efficiently by the lactating than by the non-lactating goat and the pregnant sheep may be more efficient or less efficient than the non-pregnant animal. When more detailed information is available, it may be necessary to amend the calculations given in Table 7 .
Comparison of the different estimates of the nutrients utilized for pregnancy is difficult because many authors include an allowance for the live-weight gain of the ewe. In addition, the units used to express nutrient intake differ between authors, and the weight of the lamb at birth, which will affect the estimate, differs with breed and plane of nutrition of the ewe. For example, the National Research Council (1957) estimates provide for an increased energy requirement of I 148 kcal metabolizable energy per day during the last 6 weeks of gestation. However, this estimate allows for a gain in live weight of 0.37 lb daily and as a result the National Research Council (1957) estimates are substantially larger than our values, which are 258 kcal at the I 10th day of pregnancy https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19680027 
